Abstract Background: Fragmented QRS (f-QRS) complexes are novel electrocardiographic signals, which reflect myocardial conduction delays in patients with coronary artery disease (CAD). The significance of f-QRS complexes in non-ST elevation ACS patients for detection of the severity of CAD (correlation with Syntax score) was evaluated in this prospective study. Methods: A total of 104 patients with non-ST-elevation ACS who underwent invasive coronary angiography for detection of coronary artery disease were recruited prospectively in this study, ECG was done to all patients, which showed f-QRS in 50 patients (f-QRS group) and inverted T wave or depressed ST in 54 patients (non f-QRS group). The significance of f-QRS complexes on 12-lead ECG for detection of the severity of the CAD (correlated with Syntax score) was assessed in this cohort of patients. Results: Among the patients studied, elderly patients (age P 65 years), males, diabetics, smokers and those with dyslipidemia had a significantly higher frequency of fQRS complexes (with P value = 0.02, 0.01, 0.019, 0.005, 0.02 respectively). Also, the present study found a higher frequency of f-QRS in patients with multi-vessel disease, in those with more severe degree of coronary artery stenosis, in those with positive Troponin I level and in those with high Syntax score (with P value = 0.009, 0.000, 0.000 respectively).
Introduction
Non-ST elevation ACS refers to partial or near complete occlusion of a coronary artery resulting in compromised blood flow to the myocardium with subsequent myocardial injury. NSTE-ACS patients have varying degrees of coronary obstruction, undergo more heterogeneous management and have worse long-term outcomes. 1 While cardiogenic shock, heart failure and arrhythmias may be less than in STEMI, NSTE-ACS patients suffer more recurrent events and worse long-term outcomes 2 (see Fig. 1 ). The ECG remains the most immediately accessible and widely used diagnostic tool for guiding emergent treatment strategies. The ECG recorded during acute myocardial ischemia is of diagnostic, therapeutic and prognostic significance.
There is clearly a need to determine subgroups of patients having anatomically or functionally severe coronary obstruction based on standard 12-lead ECG interpretation. 3 Fragmented QRS (f-QRS) complexes are novel electrocardiographic signals which reflect impaired ventricular depolarization due to heterogeneous electrical activation of ischemic and/or injured ventricular myocardium. Fragmented QRS (fQRS) is a convenient marker of myocardial scar evaluated by 12-lead electrocardiogram (ECG) recording. fQRS is defined as additional spikes within the QRS complex. 4 Fragmented QRS complexes (f-QRS) on a 12-lead resting ECG include an additional R wave (R 0 ), notching of the R wave, notching of the down stroke or upstroke of the S wave, or the presence of >1 R 0 in 2 contiguous leads corresponding to a major coronary artery territory. 5 In this study, we reviewed the ECG results in NSTE-ACS patients to evaluate the accuracy of f-QRS complexes to identify severity and complexity of CAD lesions assessed by SYNTAX score.
Methods

Study population
One hundred and four patients admitted to cardiology department Assiut university hospital from May, 2014 to October, 2014 with non-ST elevation ACS were enrolled in this prospective study.
A written consent was taken from every patient before enrollment and the protocol was approved by the local ethics committee of our institution.
Each patient was subjected to thorough clinical history including risk factors for CAD (age, sex, hypertension, smoking, diabetes mellitus and hyperlipidemia), of significant CAD (prior myocardial infarction or typical angina pectoris), and previous percutaneous coronary intervention (PCI). Standard 12-lead ECG, cardiac biomarkers, echocardiographic and coronary angiography (CAG) findings were collected from the study subjects.
The patients excluded from the study were those with left & right bundle branch block (weather complete or incomplete), permanent atrial fibrillation, ventricular paced rhythm, a previously implanted implantable cardioverter-defibrillator (ICD), left ventricular hypertrophy, Wolff-Parkinson-White syndrome, cardiomyopathy, myocarditis, congenital heart disease and previous myocardial infarction and coronary artery bypass surgery (CABG).
Electrocardiography
Standard 12-lead ECG was recorded at a 25 mm/s paper speed and a gain of 10 mm/mV with the patient fully relaxed in the supine position. The fragmented QRS (f-QRS) pattern was defined as the presence of an additional R 0 or crochet-age wave, notching in the nadir of the S wave or fragmentation of the RS or QS complexes in 2 contiguous leads corresponding to a major coronary artery territory. 5 The ECG was recorded at presentation of the patient before any revascularization.
Two expert cardiologists (one from authors and other from our EP unit) reviewed and analyzed the ECG.
Coronary angiography
All patients underwent conventional invasive coronary angiography using standard techniques. The presence and extent of CAD were identified. More than 50% stenosis in any epicardial artery or any side branch more than 1.5 mm in diameter was considered as significant CAD. Coronary lesions that do not meet these criteria were categorized as nonsignificant CAD. The degree of stenosis was estimated by Quantitative coronary angiography (QCA). The presence of coronary artery ecstasies and/or slow flow was also detected. The extent of CAD was assessed in respect of the number of diseased vessels, i.e. single, double or triple vessel disease.
Each coronary lesion was examined for its location, length, severity, as well as the presence of thrombus, calcification, and ulceration. Thrombus-containing lesions, ulcerated lesions, total or subtotal thrombotic occlusion and lesions with irregular borders were considered angiographically culprit. Multivessel CAD was defined as the presence of lesions in 3 or more coronary vessels. The presence of occlusion in the main and secondary branch of a vessel was defined as single-vessel disease. The location of coronary lesions, the number of stenotic arteries and the degree of stenosis were recorded for each patient.
The severity of CAD was estimated by coronary angiography using Syntax score. (Version 2.11 of the SYNTAX Score calculator was used). 17 
Statistical analysis
Data were analyzed by statistical package for the social sciences (SPSS, version 16.0). The ranges, means, and standard deviations were calculated for quantitative variables and the frequencies and percentages for categorical variables. Comparisons between the different groups of patients were made by two-sample t-tests for continuous variables and by chi-square analysis for categorical variables. The univariate correlation between f-QRS and all included variables was assessed by Spearman's rank correlation coefficient test which was calculated to detect the strength and significance of association between a pair of variables.
Results
Demographics and clinical data
One hundred and four patients (64 men and 40 women) with non-ST elevation ACS were enrolled in this study. 57 patients (54.8%) were above 65 years old, with a mean age of 59.3 ± 9.1. 64 patients (61.5%) were males. 50.3% patients were diabetics, 64.4% were hypertensives, 55.8% were dyslipidemics, 36.5% were smokers and 16.3% submitted previous PCI. 41.3% of patients had positive serum troponin level.
The electrocardiographic findings of patients enrolled in the study showed presence of f-QRS complexes in 48% of patients (f-QRS group) and depressed ST and/or inverted T wave in 52% of patients (non f-QRS group).
Fragmented QRS (f-QRS) was significantly higher in elderly patients (age P 65 years), male patients, diabetics, dys-lipidemics, smokers and patients with positive Troponin I (with P value = 0.02, 0.01, 0.019, 0.005, 0.020, 0.000 respectively), while the incidence of hypertension and prior PCI were not significantly different between the two groups ( Table 1) .
Coronary angiography
Patients with f-QRS had significantly higher incidence of triple vessel disease, more severe degree of coronary artery stenosis and high Syntax score (score P 33) compared to patients with non f-QRS (with P value = 0.009, 0.002, 0.000 respectively), while the incidence of normal coronary angiography and low SYNTAX score (score 6 22) were higher in the non f-QRS than those in the f-QRS group which had a statistically significant difference (p value = 0.019, P value = 0.000 respectively) ( Table 3) .
Logistic regression analysis showed that f-QRS was significantly positively associated with diabetes (OR = 2. 911), positive troponin level (OR = 6.101), triple vessels disease (OR = 3.837) and (high risk) Syntax score (OR = 7.122) ( Table 2) . 4. Discussion
Regarding clinical risk factors
The present study found that there was a significantly higher frequency of f-QRS among elderly, males, diabetics, smokers, and dyslipidemic patients presented with acute NSTE-ACS. This finding was in agreement with Guo et al. 14 study who studied the significance of fragmented QRS complexes for identifying culprit lesions in patients with non-ST-elevation myocardial infarction and with Bekler et al. 16 study who studied the relationship between fragmented QRS complexes and SYNTAX and Gensini scores in patients with acute coronary syndromes. This can be easily explained as all these are traditional risk factors for coronary atherosclerosis. 6 
Troponin I
In the present study, f-QRS had significantly higher frequency among Troponin I positive patients compared to Troponin I negative ones. This was in agreement with Guo et al.
14 study who studied the significance of fragmented QRS complexes for identifying culprit lesions in patients with non-STelevation myocardial infarction.
Cardiac Troponins I are sensitive and specific biomarker for myocardial injury. Their elevation is associated with a higher risk of death and re-infarction among patients presenting with non-ST elevation acute coronary syndromes (NSTE-ACS). 11 In the setting of NSTE-ACS, Troponin I elevations are also associated with a higher incidence of multi-vessel disease, complex lesions, and visible thrombus 10 ; this could explain the higher incidence of f-QRS complexes in patients with positive Troponin I level.
Correlation between f-QRS and complexity of coronary artery disease
In our study, f-QRS had significantly higher frequency among patients with triple vessel disease compared to those with single or double vessel CAD. Again, f-QRS was significantly more frequent in patients with severe degree of coronary artery stenosis compared to those with mild or moderate lesions.
This came in agreement with Guo et al.
14 study who studied the significance of fragmented QRS complexes for identifying culprit lesions in patients with non-ST-elevation myocardial infarction.
Out of our study, it was found that f-QRS had significantly higher frequency in patients with high Syntax score compared to those with low or intermediate score.
This was in agreement with Bekler et al. 16 study who studied the relationship between fragmented QRS complexes and SYNTAX and Gensini scores in patients with acute coronary syndrome.
This may be due to increased jeopardized ischemic myocardium that may in turn also contribute to non-homogenous conduction in the myocardium. 7 Myocardial stunning and hibernation concepts may explain this finding. At the cellular level, electrical homogeneity can be restored slowly in these situations despite sufficient myocardial reperfusion. Fragmentations were related to presence of stunned myocardium that may resolve in the course of disease and in other situations cannot be resolved due to presence of myocardial scar. 
Conclusion
This study found that older age (above 60 years), male patients, diabetics, hyper-lipidemics, and smokers presented with non-ST elevation acute coronary syndromes are associated with significantly higher frequency of fragmented QRS complexes on ECG at presentation. Patients with positive Troponin I levels are also associated with significantly higher frequency of fragmented QRS complexes. The presence of f-QRS complexes was not only associated with the Presence of coronary artery disease but also with lesion complexity, severity and extent. We suggest that fragmented QRS complexes can be used as a tool for prediction of higher risk patients on admission ECG. 
